This study examined physical and clinical features of eleven models of disposable intravenous cannulae available in New Zealand: Angiocath, Braunule, Insyte, lelco, l.M.S., Medicut, Nipro, Quikcath, Surflo, Venflon and Wallace. Dimensions of external and internal diameter and wall thickness varied greatly among the models of the same gauge size. As a result, flow rates also varied greatly, but linearly with internal diameter. Anaesthetists were randomly given a range of 16 and 22 gauge cannulae for routine clinical use (forty of each model) and completed a questionnaire on features of cannula performance relating to success of cannulation, ease of insertion, ease of handling, kinking, and packaging. The results of this questionnaire are presented and discussed. The 22 gauge cannula tips were assessed microscopically for distortion after clinical use. lelco cannulae were found to have the highest incidence of catheter tip distortion (54%).
For safe anaesthetic practice, a reliable venous route for administration of drugs and fluid is mandatory. I However, since the introduction of the plastic intravenous cannula in 1945, the range of available models has increased considerably. While for many anaesthetists the selection of a particular intravenous cannula is a matter of personal preference based on familiarity and availability,2.3 in New Zealand hospital availability is determined by a system of bulk purchasing which is in turn based primarily on comparative cost within a tendering system. Since an estimated 25-50% of hospital patients undergo intravenous cannulation, a large market is provided in which manufacturers compete. 4 ,5 It is surprising therefore that comparatively little information is available on which to judge their relative merits.
In this study we attempted to assess several aspects of the performance of a range of intravenous cannulae available in New Zealand.
Medicut, Nipro, Quikcath, Surflo, Venflon and Wallace. The cannulae were assessed for laboratory performance, clinical properties and catheter distortion following removal from patients.
1. Laboratory assessment. Measurements were made of flow rate, external diameter, internal diameter, wall thickness, effective length and radio-opacity.
Flow rate was measured as the flow of water (at 21 degrees C) from a constant level tank through a standard intravenous giving set (Travenol Solution Administration Set, of 3.25 mm internal diameter) connected to the cannula under assessment. 6 • 8 The pressure head of water was kept at a constant level of 100 cm and the time taken to deliver a standard volume of water was measured using a stopwatch. For each type and gauge of cannula, two readings were taken on each of three cannulae and the mean flow rate was calculated from the six measurements.
The external diameters of the cannula and its introducing needle were measured 15 mm from the cannula tip using a micrometer (the external diameter was measured with the needle in the cannula to give the cannula rigidity). Subtraction of these two measurements and division by two gave a measurement of cannula wall thickness. The effective length of each cannula which could be inserted into the patient was measured in mm. Radio-opacity of the 16 gauge cannulae was assessed by quantitative densitometry of an X-ray Anaesthesia and Intensive Care, Vo/. 18, No. 4, November, 1990 film taken under normal clinical exposure conditions, using a Tobias Associates Densitometer Model TCX. 9 2. Clinical evaluation. For those cannulae available to us in suitable quantities, forty cannulae each of sizes 16 gauge (13 types) and 22 gauge (9 types) were packaged in sealed envelopes together with a questionnaire ( Table 1) . Envelopes were printed with the gauge of cannula only and were placed in theatre induction rooms for routine use in adult patients. Anaesthetists were asked to complete the questionnaire immediately following cannulation.
3. Catheter distortion. The clinically used 22 gauge cannulae were gently removed, without compression, immediately following recovery of anaesthesia and were placed into glass tubes sealed with cotton wool. The tips were assessed microscopically for distortion. Distortion was graded as follows: none = no distortion, cannula tip circular with no indentations; moderate = minor distortion of the cannula tip, ellipsoidal or one crimped indentation of the tip; severe = severe distortion, ellipsoidal with more than one crimped indentation of the cannula tip.
The laboratory data was analysed with a Statview 512 package, using ANOVA for the parametric data. The clinical data was analysed, using Kruskal Wallis for ranking of non parametric data, and then assessing significance of the ranks with the multiple comparison test based on Kruskal Wallis Rank Sums.lo The Chi-squared test was used for the analysis of distortion of the 22 gauge cannula tips. RESULTS Table 2 gives the external and internal diameters and wall thicknesses of the cannulae examined. A significant variation was found in external and internal diameters and in wall thickness for the same gauge size between manufacturers. For each gauge size, external diameter varied by at least 10%, internal Table 3 shows the mean flow rates of the available models grouped according to gauge size. Figure 1 plots the relationship between flow rate and internal diameter. This relationship was found to be approximately linear throughout the range of cannulae examined (r = 0.99). Because of the variation in internal diameter between cannulae, the lowest flow rates for half the cannula gauge sizes were less than the highest flow rates for the next gauge size down. Radio-opacity of the 16 gauge cannulae varied considerably ( Figure 2 ). There was no apparent relationship between radio-opacity and wall thickness.
Laboratory assessment.
2. Clinical evaluation. For each answer in the questionnaire, a Kruskal Wallis non-parametric analysis of variance was used for comparisons. Table 4 shows the ranked order (best to worst) for each model and statistical analysis (see legend).
gauge cannulae
Skin penetration, handling and sliding were found to be easiest with the Surflo and Insyte cannulae, both of which possess smoothly tapering catheter tips. Blood spillage was least with the Angiocath cannula, but was significantly better only in comparison with the two Nipro cannulae. The Nipro C4 with a clamping tube designed specifically to reduce blood spillage was associated with the most blood loss. The least preferred cannula for packaging and removal from its packaging were the Nipro cannulae which were the only ones packaged in cellophane. Venflon 2, cannulae after clinical use are shown on Table 5 . The Jelco cannula was found to have a significantly higher incidence of catheter tip distortion of those models examined (P < 0.000 I).
DISCUSSION
In this study we examined clinical and laboratory features of those intravenous cannulae available in New Zealand and observed significant differences in their performance.
All the cannulae examined were made of varieties of Teflon, except for the Insyte cannula which is made of Vialon, a newer type of polyurethane biomaterial.
Large variations were measured in cannulae flow rates, in particular for smaller gauge sizes. Although it is possible that these variations are determined in part by variations in turbulence due to cannula tapering and the hub-cannula conformation, the most apparent reason is the variation in internal diameter and wall thickness. By reducing wall thickness it is possible for manufacturers to produce cannulae with internal diameters 2 swg greater than others despite similar external wall diameter. A 16 gauge cannula may for example have the flow rate of the worst 14 gauge or the best 18 gauge cannula. In this respect therefore it would be more informative to cite internal diameter rather than swg on cannula packaging. However, a trade-off with wall thickness was apparent for the Jelco 22 gauge cannulae (FEP-A Teflon) where a high frequency of cannula tip distortion (54%) was observed after removal from patients. It is possible therefore that in this small size, the distortion could limit the increase in flow rate due to its thinner wall. Another thin-walled cannula, the Insyte (polyurethane co-polymer, Vialon) showed no evidence (0%) of cannula tip distortion and hence its high flow rates may be preserved clinically. It is probable also that embolus formation and endothelial lesions would also be greater in those cannulae with a predisposition to severe cannula tip distortion. Although kinking may be a potential disadvantage of the thin-walled cannulae, it was not found to be a problem for the thin-walled cannulae in the clinical part of the study.
Flow rates varied linearly with internal diameter rather than a fourth power increase in flow, as shown previously.ll Also, the flow rates we obtained were less, particularly for the larger gauge sizes compared to other studies on flow rate. 2 ,6-8 These differences are accounted for by our choice of a flowrate apparatus which incorporated a standard clinical intravenous giving set with a flow rate without a cannula of 281.5 ml/minute, rather than one of 4 mm diameter and > 1000 mlIminute flow as used for testing in the BS 5616. 6 There were insufficient cannulae of the same internal diameter with differing effective length to make an assessment of how flow rate varied with cannula length. However, where a range of lengths was available in a particular model, of the same internal diameter, flow rate increased slightly with decreasing length of cannula, in a linear fashion. Effective length appears not so important therefore unless there is a large difference in length. Measured radiopacity, even in those with package labelling specifying radiopacity, varied considerably between models. Thus, the Surflo cannula had half the radiodensity of the most radiopaque cannula, the Angiocath. Presumably this reflects the range of values that the term 'radiopaque' may actually include. A quantitative measure of radiolucency on the cannula packaging would seem to be desirable. However, although it is preferable for cannulae to be radiopaque, even the most opaque cannula may not be detected on chest X-ray after central migration.
The ideal features of an intravenous cannula are difficult to define since many factors are involved and clinical situations have differing requirements. Three of the most important aspects, however, include good skin penetrability to avoid preliminary skin incision (which was apparent in those cannulae with smoothly tapering rather than blunt catheter tips), good flow rate (associated with thin walls) and made of a smooth non-distorting material (e.g. Vialon used in the construction of the Insyte cannula). In general, the cannulae most preferred by anaesthetists in this study were of plain, simple design. For a number of design features, we observed that the aim of the manufacturer did not appear to correlate with perceptions ofthe anaesthetist. Ease of fixation was not felt to be improved by the presence of wings (the Venflon 2, appeared the worst 22 gauge cannula for skin fixation). The 22 gauge cannula with an attached syringe (Nipro So) was considered the worst for ease of handling. The presence of a clamping tube to prevent blood spill was associated with the most significant blood loss (Ni pro C4) and the worst 16 gauge cannula for handling. The shorter 32 mm Surflo which has a higher flow rate than the longer 51 mm Surflo was found by some anaesthetists to be too short.
In summary, significant variations were observed in the laboratory and clinical performance of a range of intravenous cannulae. Major differences were observed in catheter dimensions for any single gauge size and, as a consequence, flow rates could vary by up to 48%. Increased flow rate was most apparent in those cannulae with thin walls although one thin-walled model showed a high incidence of catheter distortion after removal from patients. Anaesthetists showed a preference for smoothly tapering cannulae of simple design and packaging.
